Handoff communication is a point of vulnerability when valuable patient information can be inaccurate or omitted. An institutional protocol was implemented in 2005 to improve the handoff from the operating room to the intensive care unit after pediatric cardiac surgery. A cross-sectional study of the present process was performed to understand how users adapt a communication intervention over time. Twenty-nine handoff events were observed. Individuals required for the handoff were present at 97% of the events. Content items averaged a 53% reporting rate. Some clinical information not specified in the protocol demonstrated a higher reporting rate, such as echocardiogram results (68%) and vascular access (79%). A mean of 2.3 environmental distractions per minute of communication were noted. Participant-directed adjustments in content reporting suggest that a facilitator in process improvement is user-centered innovation. Future handoff communication interventions should reduce nonessential distractions and incorporate a discussion of the anticipated patient course.
Handoffs are contemporaneous interactive processes of passing patient-specific information from one caregiver to another for the purpose of ensuring the continuity and safety of patient care. 1 Handoff communication is a point of vulnerability when valuable patient information can be distorted or omitted. [2] [3] [4] [5] These communication errors may be associated with adverse events. 6 The handoff process for critically ill children admitted from the operating room (OR) to the pediatric intensive care unit (PICU) may be prone to error. Potential causes include the following: (a) the handoff often takes place in a busy, distraction-rich environment; (b) it involves the near simultaneous transfer of equipment and knowledge; (c) staff may have no prior knowledge of the patient's medical history and thus depend on this process for critical information; and (d) patients are often clinically unstable during the immediate admission period, which limits time for reviewing the medical record. In a recent study of pediatric surgical handoffs, communication errors occurred in 100% of events, with an average of 6.6 errors per handoff. 3 In 2005, faculty and staff in the Duke Pediatric Cardiac Intensive Care Unit (PCICU) suggested that handoff communication from the OR team to the intensive care unit team following surgery for pediatric heart disease occurred despite the absence of members of key disciplines, included a nonstandard format of information reporting, and took place in a setting fraught with avoidable distractions. In response, users designed a formal protocol to address communication gaps concerning children after undergoing cardiac surgery (Figure 1 ). Opinions were solicited from frontline providers in pediatric intensive care, cardiology, cardiac surgery, and anesthesiology. Interview and survey results were used to design the policy guideline. The resulting protocol specified the following: (a) attendance at the handoff, (b) 14 content items to be verbally communicated, and (c) a "sterile cockpit" environment in which personnel refrain from nonessential activities to minimize distractions during important tasks. The sterile cockpit was to be announced by the patient's primary bedside nurse before starting communication. To prepare for implementation, participants in the process underwent a team training program focused on standardization of communication and the application of critical language. Additional team training sessions were held every 2 to 3 months.
After implementation of the protocol, the following short-term clinical metrics improved: reduction of transition time from the OR team to the PCICU team (15.3 to 9.6 minutes), reduction of time to obtain critical laboratory studies (13.0 to 2.4 minutes), and an increase in chest radiographs completed (60% vs 94%) and percentage of patients placed on bedside cardiorespiratory monitoring within unit standards (86% vs 99%). 7 Although unit leaders encouraged compliance with the protocol, no communication metrics have been evaluated since implementation.
Although studies have examined deficiencies in handoffs 2-5 and implementation of handoff protocols, 8-10 little research exists on how communication strategies evolve over time. The aim of this study was to understand how users adapt a handoff process by evaluating the present practice.
Methods

Study Design/Location
We performed an observational, cross-sectional study of handoff communication events occurring in the PCICU between the cardiothoracic surgery/anesthesiology team and the pediatric critical care team following cardiac surgery. Handoff events were identified through convenience sampling and evaluated by the principal investigator (JGC). Data were collected from January 2008 to August 2008. At the time of this study, the PCICU shared the same physical location as the multidisciplinary PICU, but PCICU patients were managed by a core nursing group with specialized cardiac training. The institution admits approximately 350 pediatric cardiac surgery cases postoperatively to the PCICU each year. Approval for the study was obtained from the Duke University Institutional Review Board.
Subjects
Study subjects comprised individuals involved in the handoff process and included faculty and trainee physicians from the disciplines of cardiothoracic surgery, cardiac anesthesiology, and intensive care, and staff from nursing and respiratory therapy. During a typical handoff, the cardiothoracic surgery and anesthesiology teams accompany the patient from the OR and transition care to the pediatric critical care team in the PCICU.
Outcomes
The primary outcome was the reliability of attendance. Reliability was defined as the frequency with which a member of a particular discipline was present at the observed handoffs. For cardiothoracic surgery, anesthesia, and intensive care, a discipline member could be an attending, fellow, or nurse practitioner. A discipline was noted as absent if a member was not present at the start of the handoff. A secondary outcome was the reliability of content reporting. Reliability was defined as the frequency with which an item was reported at the observed handoffs. The original protocol specified 14 required content items. During the design of the study frontline providers suggested 29 additional content items that were not listed in the protocol but may have been relevant to the care of the patient. Some of these providers had also participated in the development of the original process. An omission was defined as an item that was not mentioned during the handoff. Anesthesia records were reviewed to see if the items were relevant to the patient before counting them as omissions. For example, if the patient did not have pacing wires and it was not reported, an omission was not noted.
Another secondary outcome was the number of distractions that occurred throughout the duration of communication for each handoff. A distraction was defined as an event in the room that had the potential to engage the attention of a process participant. Distractions were divided into ones that were nonessential to patient care (eg, extraneous staff leaving or entering the room, unrelated side conversations, 
Figure 2. Reliability of attendance
Note: Reliability was defined as the frequency that a member of a particular discipline was present at the observed handoffs.
television or music playing) and ones that were essential to patient care (eg, phones ringing, overhead pages, pagers beeping, monitors alarming, equipment failures). If a process participant looked toward the distraction, the distraction was characterized as one that engaged the attention of a process participant. Patient age and the primary surgical procedure were recorded. Complexity of the surgical procedure was assessed with the Risk Adjustment for Congenital Heart Surgery (RACHS) score. The score ranges from 1 to 6; lower scores designate surgeries of low complexity (eg, patent ductus arteriosus ligation-RACHS 1), and higher scores refer to surgeries with high complexity (eg, stage 1 palliation for single ventricle physiology-RACHS 6). 11 The duration of handoff communication also was recorded.
Statistical Analysis
We estimated that observing approximately 30 handoffs would provide a representative sample of patients and surgical procedures seen in our PCICU. Descriptive statistics were used to summarize attendance, content, and distraction data. The t test was used to compare means for parametric distribution, and the Mann-Whitney test was used to compare medians for nonparametric distributions. STATA version 10 (StataCorp LP, College Station, TX) was used for analysis.
Results
From January 2008 to August 2008, 135 children were admitted to the Duke PCICU following surgery for . Distractions per handoff, broken down into those nonessential for patient care (extraneous staff leaving or entering the room, unrelated side conversations, and television or music playing), those essential to patient care (phones ringing, overhead pages, pagers beeping, monitors alarming, and equipment failures), and those that engaged the attention of a process participant and those that did not. The total number of distractions during each handoff, distractions per minute of communication, and the percentage of the total number of distractions are noted pediatric heart disease; 29 (22%) of these handoff events were observed. In the sample, 38% of the patients were newborns younger than 30 days old. Ten patients (34%) had RACHS 1-2, 13 (45%) had RACHS 3-4, and 6 (21%) had RACHS 5-6. (Figure 2) . Representatives from cardiothoracic surgery, cardiac anesthesia, and critical care nursing were present for all handoffs; intensive care physicians and/or nurse practitioners were present for all but 1 handoff (97%); and respiratory therapists were present for all but 3 handoffs (90%).
Protocol-required content items averaged a 53% (95% CI = 35% to 71%) reporting rate per handoff event ( Figure 3 ). Some items, such as the procedure (97%), demonstrated a high reporting rate; others, such as hemodynamics (22%), did not. Table 2 presents the percentage of the time content items not specified in the protocol were reported. Some of these items were reported often, such as the presence of chest tubes (86%), results of the postoperative echocardiogram (68%), and vascular access (79%).
The primary bedside nurse announced the sterile cockpit and initiated communication in 6 of the handoffs (21%). There was a mean of 9.0 (SD = 2.8) distractions per event; this was equivalent to 2.3 distractions per minute of communication. A total of 5.3 distractions (1.3 per minute) were nonessential to patient care; 2.7 distractions (0.7 per minute) were nonessential and engaged the attention of a process participant (Figure 4) .
Cardiothoracic surgeons and anesthesiologists discussed the anticipated postoperative course in 14% and 17% of handoffs, respectively. Time was allotted for questions in 67% of handoff events.
Discussion
Three years after implementation, this handoff process demonstrated high and consistent reliability in attendance, variable reliability in reporting of required content, and numerous nonessential distractions. Given the chaotic nature of the intensive care unit and unpredictability of patient acuity, it may be unrealistic to expect perfect conformity to such a complex process.
Attendance was reliable for a number of possible reasons. At our institution tradition dictated that a surgeon and anesthesiologist accompany the patient from the OR to the intensive care unit for all complex operative cases. A paging system notified the unit charge nurse and intensive care unit team immediately before and on arrival of the patient. Participants may have believed that attendance was the first and most essential step when using a complex handoff process to transition sick patients. Indeed, other studies have suggested that faceto-face communication is preferable to indirect handoffs through a medium such as the telephone. 4, 12 The minor deficiencies in attendance by intensive care unit physicians and respiratory therapists may result from competing demands in a busy critical care environment. There was certainly a gap between conformity to attendance and deficiencies in following the rest of the protocol. Unlike attendance, there was no tradition of relaying standardized content, there was no reminder system for verbal communication, and participants may not have appreciated the importance of standardized reporting and minimal distractions during transitions in patient care.
Knowledge of some of the items not required by the protocol, such as patient weight, allergies, and vascular access, may be essential to postoperative care in the PICU. When designing the protocol, it was believed that these items could be easily obtained from the electronic medical record or anesthesia record and were not necessary for the formal handoff. However, verbal communication of these data may facilitate timely care of critically ill patients by team members immediately after the transition. Accordingly, surgeons and anesthesiologists frequently reported some items not required by the protocol.
Over time these participant-directed adjustments suggest that a key facilitator in process improvement is usercentered innovation. In a traditional model, administrators identify needs of users and fill them by designing products. User-centered innovation, or the exercise of participants developing and applying their own processes and services, demonstrates advantages over this model. Compared with administrators, users have a more accurate and detailed model of their deficiencies, develop what they require for their own specific circumstances, benefit directly from their innovations and thus have motivation to pursue improvements, and often freely reveal their products to other parties for modification. Moreover, user-centered innovation will only increase in frequency with improved access to computing tools and information networks. 13 A standardized system that continuously incorporates feedback from process participants may benefit process performance. This idea has also been proposed in a multicenter qualitative survey of intensive care unit providers. 14 Ideally, handoffs should occur in a private, quiet setting with minimal interruptions. 6, 12 The protocol specified that information transfer occur in a "sterile cockpit" with limited distractions, where participants can focus their attention solely on the dissemination of information. However, observed handoffs demonstrated numerous distractions, with more than half being nonessential and more than half of nonessential distractions actually engaging process participants. Studies have noted intrusive distractions in busy environments such as primary care offices, 15 emergency departments, 16, 17 and operating rooms. [18] [19] [20] Reducing nonessential distractions represents an area for improvement.
A goal of handoff communication is to create a cognitive picture of the patient that will translate into effective decision making. 7 Surveys of house staff suggest that discussing anticipated problems during a handoff is essential for patient care. 4 In this study, discussing the anticipated patient course occurred infrequently and represents another area for improvement. There was an opportunity to ask questions after the majority of events.
In the future, we can enhance compliance for this and other communication processes by defining facilitators and barriers to sustainability. In research on clinician adherence to practice guidelines, major barriers occur at the individual, team, and hospital or health center level 21 and may include lack of awareness and familiarity with the protocol, disagreement with the process, belief that the protocol may not change outcomes because of sparse data, and lack of resources for implementation. 22 A qualitative survey of intensive care unit leaders has suggested that maintaining effective process leadership, retaining experienced providers, and reeducation improve adherence to clinical guidelines 14 ; such endeavors may enhance sustainability for communication initiatives as well. Although this study did not demonstrate overwhelmingly positive results, the reliability of attendance and enthusiasm of faculty and staff during the project indicate that there is strong interest in improving handoff communication during transitions of care at our institution. The next step involves addressing other ways to improve sustainability. At present there is no ownership of the communication process because of turnover among leadership, and therefore no data have been collected since this study. Ways to sustain compliance and continually improve this protocol at our institution may include identifying strong leaders, collecting and publicizing future data, and mandating education sessions at regular intervals.
This study represents the first evaluation of a postoperative handoff process beyond the immediate implementation period. Although other studies have examined content omissions 3,9 during postoperative handoff communication, this is the first study to assess content reporting outside the protocol and thus detect provider efforts to improve practice. Quantitatively measuring attendance and distractions is a novel addition to the study of handoff communication.
Limitations include the fact that no communication metrics were recorded immediately after implementation. Thus, we do not know if reliability has changed since implementation, but recent dissatisfaction among participants suggests that the process has indeed worsened over time. There may be a Hawthorne effect in this study, in which process participants may have behaved differently while under observation. However, this effect would be expected to bias the handoff toward improved content and distraction outcomes, and this study demonstrated subpar performance in these portions of the process. Convenience sampling was used because of the unpredictable timing of surgery cases. Sample cases demonstrated higher surgical complexity, but it is unclear how this would affect results. Higher patient acuity may have encouraged participants to pass along more information, but also may have hindered transfer during the communication period. There was only a single observer, which may limit the reliability of the data. Finally, this single-center study took place in an intensive care unit with a moderate surgical volume and numerous opportunities to practice the process, possibly limiting the generalizability of the results.
Future directions include addressing the process deficiencies uncovered in this study, eliciting facilitators to sustainability for this and other communication processes, and exploring modalities for communication education such as simulation.
Conclusion
Initiatives to improve this handoff communication process include reducing nonessential distractions and incorporating a discussion of the anticipated patient course. Participant-directed adjustments over time suggest that user-centered innovation is a modality for process improvement in health care. Ways to sustain compliance may include identifying strong leaders, collecting and publicizing future data, and mandating education sessions at regular intervals. Interventions to improve postoperative handoff communication should ensure attendance by key personnel and include an opportunity for questions.
